INTRODUCTION
Volcanic cave actinomycetes, a group of Grampositive filamentous bacteria, are relatively less studied for their capacity as potential sources of novel species and new antimicrobials with different mode of actions. In such nutrient-deprived environment, their original relationships in their own communities and with other organisms in the same habitats, their contributions to cave formation and degradation, as well as their evolutionary patterns and their potential to be used to produce bioactive compounds are not Volcanic caves have been little studied for their potential as sources of novel microbial species and bioactive compounds with new scaffolds. We present the first study of volcanic cave microbiology from Canada and suggest that this habitat has great potential for the isolation of novel bioactive substances. Sample locations were plotted on a contour map that was compiled in ArcView 3.2. Over 400 bacterial isolates were obtained from the Helmcken Falls cave in Wells Gray Provincial Park, British Columbia. From our preliminary screen, of 400 isolates tested, 1% showed activity against extended spectrum ß-lactamase E. coli, 1.75% against Escherichia coli, 2.25% against Acinetobacter baumannii, and 26.50% against Klebsiella pneumoniae. In addition, 10.25% showed activity against Micrococcus luteus, 2% against methicillin resistant Staphylococcus aureus, 9.25% against Mycobacterium smegmatis, 6.25% Pseudomonas aeruginosa and 7.5% against Candida albicans. Chemical and physical characteristics of three rock wall samples were studied using scanning electron microscopy and flame atomic absorption spectrometry. Calcium (Ca), iron (Fe), and aluminum (Al) were the most abundant components while magnesium (Mg), sodium (Na), arsenic (As), lead (Pb), chromium (Cr), and barium (Ba) were second most abundant with cadmium (Cd) and potassium (K) were the least abundant in our samples. Scanning electron microscopy (SEM) showed the presence of microscopic life forms in all three rock wall samples. 16S rRNA gene sequencing of 82 isolates revealed that 65 (79.3%) of the strains belong to the Streptomyces genus and 5 (6.1%) were members of Bacillus, Pseudomonas, Nocardia and Erwinia genera. Interestingly, twelve (14.6%) of the 16S rRNA sequences showed similarity to unidentif ied ribosomal RNA sequences in the library databases, the sequences of these isolates need to be further investigated using the EzTaxon-e database (http://eztaxon-e. ezbiocloud.net/) to determine whether or not these are novel species. Nevertheless, this suggests the possibility that they could be unstudied or rare bacteria. The Helmcken Falls cave microbiome possesses a great diversity of microbes with the potential for studies of novel microbial interactions and the isolation of new types of antimicrobial agents. been few published reports on analyses of microbes found in volcanic caves in North America and modest number of reports on the potential use of microbes from volcanic caves worldwide regarding drug discovery (Northup et al., 2004 (Northup et al., , 2011 . Cave habitats are of interest as the main focus for a new pool of microbial diversity and as a major source of microorganisms that produce antimicrobial agents. Cave-adapted organisms are classic examples of regressive evolution: over time, unused, unusual and obvious functions become reduced, while other functions become more pronounced. A good example of this type of evolution is seen in cavefish: these fish lose their eyes and pigmentation over time, but gain in other sensory systems to compensate for the absence of vision (Yoshizawa et al., 2010) . The bases for these developmental changes are genetic. Theoretically, the same process could occur in cave adapted microorganisms, which need to adapt to the extreme starvation environment in the cave system. Recent work done by Northup and colleagues demonstrated that cave bacteria are more sensitive to ultraviolet radiation (UVR) than those of surface bacteria (Snider et al., 2009) . Since these bacteria live in the dark hence losing an unneeded trait such as UVR resistance makes sense for their survival when present in low-nutrient habitats (Snider et al., 2009) . Such changes and adaptations might lead the microorganisms to acquire different pathways for their physiology and metabolism which may be beneficial for drug discovery. For these reasons, cave microorganisms are viewed as a potential resource for studies on genetics and on the mechanisms by which they produce bioactive compounds. These studies may also provide solutions to current problems in medicine, biology, agriculture, environment and other disciplines. This initial work is undoubtedly the first on the isolation of Canadian volcanic cave actinomycetes and their screening for antimicrobial agent(s) that is a part of a larger study on microbial diversity in caves of Canada.
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MATERIALS AND METHODS

Cave Description
The Helmcken Falls cave entrance is situated approximately 550 metres at a bearing of 298 0 from the top of the Helmcken Falls (51º57'14.47" N, 120º10'36.48" W) (Google Earth, 2012) . The falls is about 141 metres high ( Fig. 1) and is located near the mouth of the Murtle River where it joins the Clearwater River, British Columbia, Canada. This cave has limited visits from tourists and human activities (less than 10 people a year) since the unmarked trail leading to the entrance of the cave is very rough and it takes about two and a half hours to hike from the park's parking lot, (elevation 753 metres), to the entrance of the cave (Fig. 2) . The opening (51º57 '22.45" N, 120º11'02.11" W) is located at the top of a colluvial talus slope at an elevation of 652 metres. The Murtle River, directly below the cave entrance, is at 603 metres (Google Earth, 2012). The interior of the cave, as shown in the is a greater need than ever to discover and identify novel microorganisms that can produce new scaffolds of bioactive compounds to fight existing and emerging resistant infectious agents. In a recent study, Bhullar and colleagues discovered that antibiotic resistance is innate in bacteria and it is not linked with antibiotic uses as it was generally thought of when isolated cave bacteria were subjects of such study (Bhullar et al., 2012) . The implication of this study suggests that there are potentially far more unfound antibiotics in the environments than was previously estimated. Since streptomycin was discovered in 1943, it has been shown that actinomycetes, Grampositive bacteria with a high G+C content, are still a reliable and prolific source of new bioactive compounds (Lazzarini et al., 2009; Nakaew et al., 2009a,b) . It is known that approximately two-thirds of naturally occurring antimicrobial products are produced from actinomycetes (Okami & Hotta, 1988; Baltz, 2007; Atta et al., 2012) . Large numbers of novel actinomycetes were reported to be present in unexplored habitats worldwide including cave environments Jones, 2001; Groth et al., 2001; Nakaew et al., 2009a, b) . Jurado et al. (2010) reported that 34 novel species of actinomycetes were isolated from subterranean environments in the decade 2000-2009, as gathered in the International Journal of Systematic and Evolutionary Microbiology. These novel actinomycetes were exemplified by the description of Beutenbergia cavernae, a new genus of L-lysine-containing actinomycete and Agromyces subbeticus isolated from a cave in southern Spain (Jurado et al., 2005) .
The significance of microbial diversity in search and discovery of novel metabolites has been underlined in more recent articles Langer et al., 2006; Tripathi et al., 2007; Beloqui et al., 2008; Singh & Pelaez, 2008) . Consequently, our study was to search in previously uncharacterized habitats to uncover novel actinomycetes that may produce antimicrobial agents against a number of antibiotic resistant microorganisms such as Klebsiella pneumoniae KPC-1 and Acinetobacter baumannii. A volcanic cave habitat was chosen as a potential source of antimicrobial producing actinomycete strains because of the caves' unique characteristics and the little amount of study of similar habitats. In general, caves' unique characteristics include limited amount of light, low bioavailable organic nutrients, high humidity, high concentration of minerals with a constant temperature all year round. In this study, Helmcken Falls basaltic volcanic cave, in the interior of British Columbia of Canada was the source of microorganisms. Knowledge of cave microbial diversity is very limited, despite the fact that caves are found abundantly throughout the world. Microbial diversity has been studied in Karstic caves (caves in limestone formations) in order to better understand the impacts of microbes on cave formation/degradation and to determine how this knowledge can be used for cave conservation (Laiz et al., 1999; Engel et al., 2001; Barton et al., 2004 Barton et al., , 2006 Barton et al., , 2007 Barton & Luiszer, 2005; Gonzalez et al., 2006) . However, there have
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the Clearwater River, it cut through an existing lava tube and water eroded the walls of the circular tube. The roof of the tube collapsed forming a flat ceiling while the thicker material around the outside of the tube collapsed and formed the sloping talus that rises from the center of the cave floor upwards to meet the cave roof. Sediment loaded water entered the collapsed cavern, deposited sands and fine gravels, laminated in some places, along the upper colluvial slopes between the floor and ceiling. The other possibility is that the cave was created totally by water erosion similar to the large bowl that can be seen at the base of Helmcken Falls today (Fig. 1) . Similar flat lenticular cave structures are visible on the opposite canyon walls.
The cave is 5 m high, 72 m long and 20 m wide. The cave has only one big room, the main room is where all of our sediments and rock samples were collected. Near the entrance of the cave, the only place of light exposure, biofilms of phototrophic microorganisms were observed. There were a number of areas with incoming drips of water and where we found a type of decoration, cave popcorns. The cave floor, walls, and ceiling are composed of basalt. A preliminary map showing the cave area and contours was produced in ArcView 3.2 ( Fig. 4 and 5 ).
Cave mapping
The cave mapping has been conducted since 2005 as an on-going project. A Trimble Global Positioning (GPS) unit was used to locate an approximate latitude and longitude position outside the Helmcken Falls cave entrance. The coordinates were 51º57'26.25664" N and 120º11'08.79861" W. The GPS elevation was 674.278 m above sea level (ASL). This position translated into UTM coordinates of 693363.005 m.E. and 5760029.507 m.N. for Zone 10U. This position Fig. 3a and 3b, indicates that the formation of this cave may have originated as a lava tube that was modified by river action. A typical lava tube is formed by a lava flow developing a solidified crust over hot lava that continues to flow beneath leaving the shell behind as an open tube with a circular or oval cross sectional shape. However, this cave has a flat basalt roof and upward sloping sides composed of angular colluvial blocks. Fluvial sands, stratified in some places, are found along the edges of the cave where the upward sloping floor meets the ceiling. The cave entrance is almost completely closed by angular colluvial rubble that has fallen from the 100 metre high cliff that rises above the entrance. It is theorized that, as the Murtle River eroded back through the basaltic flows from 
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cave entrance direction changed to 28º for a distance of 20 m at a slope of -29º. From Station 3 the direction changed to 66º for a distance of 9 m and a slope of -10.5º which placed Station 4 at, what was initially thought as, the lowest point in the cave. From Station 4 a line 26 m long at a bearing of 66º with a positive slope of 9º ended at Station 5 at the back of the cave. With the base line established, 11 line lengths and slopes were measured at 90º on either side of the base line to the cave edges (Fig. 4) .
The GPS point, compass bearing, slope and distance measurements were taken in order to map cave area and to produce a contour map of the cave interior (Fig.  5) . The field data was entered into an Excel spreadsheet (data not shown). The GPS point was converted to UTM Zone 10U coordinates. Each line of data was entered into a separate spreadsheet which calculated the location and elevation of each station. Points were created at one metre intervals along each surveyed line. The elevations were then labeled for each point on the map. The cave area polygon was created by connecting the outermost dot of each line. The half metre contour lines were mapped as a line theme by drawing arcs using the point spot elevations as guides to line placement (Fig. 5) .
A panorama of thirty-five mm digital photographs, taken with an 18 mm wide angle lens, was taken of the Helmcken Falls cave interior. These images were stitched together using Photoshop CS3 ( Fig. 3a and 3b ).
was not differentially corrected and the position was approximate at best. Obtaining an accurate GPS position within the narrow conf ines of the Helmcken Falls Canyon was not possible and was known to be an estimate only. In 2006 this position was used as the starting point to produce the contour map of the cave interior ( Fig. 4 and 5) .
In 2009 
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Hickey Tresner (HT), Bennett's Agar, Starch Casein Nitrate Agar; Actinomycetes Isolation Agar and Nutrient Agar (Table  2) . Isolation plates were then cultured by incubating at 25 o C for 4 weeks. During incubation, colonies of bacteria, fungi, and actinomycetes present were enumerated on a weekly basis. Only actinomycete cultures were then sub-cultured until purified on HT agar medium for antimicrobial production studies.
Antimicrobial Activity Screening
The ability of isolated actinomycetes to produce bioactive compounds was first determined using plug
Sample collection and bacterial isolation
In total, 15 samples were collected from the Helmcken Falls cave, in accordance with Park Use Permit#102172 (Fig. 1, 2, 5 ; Table 1 ). Sample materials collected included rocks from inside the cave and cave wall, sediment, and speleothems (cave popcorns). All samples were collected using aseptic techniques and placed in Zip-Lock bags. These samples were transported to the Thompson Rivers University (TRU) microbiology laboratory in a cooler packed with ice and kept cold until isolation could occur. Within 24 h of sampling, the samples were diluted in sterile saline and plated onto six different isolation media: Modified Soil Agar, were weighed out. Samples were then carefully transferred into 100-mL volumetric flasks. Using a squirt bottle, sides of the flasks were washed down with approximately 10 mL of 18 MΩwater. A 7-mL aliquot of concentrated HCl was added to each flask, which was placed on a hotplate and allowed to boil for 10 min. Samples were then cooled for 5 min. A 5-mL aliquot of concentrated nitric acid was added to each flask and boiled for an additional 10 min. When the samples turned clear and yellowish in colour, they were taken off the hotplate. Approximately 5 mL of 20 % lanthanum chloride (LaCl 3 ) and 15 mL of concentrated HCl were added into each flask. Samples were then placed in a cool water bath before diluting to mark with 18 MΩ water. Flasks were shaken 20 times to ensure homogeneity. The atomic absorption analysis was done with a Varian Spectra AA 55B. A lean (oxidizing) air-acetylene flame was used for both calcium and magnesium analyses. The wavelengths used for calcium and magnesium were 422.7 nm and 285.2 nm respectively. Samples were analyzed in triplicates.
Scanning Electron Microscopy
Three cave rock, cave wall, and popcorn samples (Sample number 13 cave popcorn, Sample 5.1 rock from cave wall and Sample 5.2 rocks from cave f loor) (Fig. 5) were also sent to the BioImaging Facility at the University of British Columbia, Vancouver, Canada for Scanning Electron Microscopy (SEM). Samples needed to be freeze-dried and freeze drying was done in a Flexi-DryTM MP (FTS Systems, USA). After freezedrying at -20ºC, frozen samples were osmium fumed in the tubes for approximately one hour, then transferred to polypropylene petri dishes with a saturated filter paper (4% OSO 4 aqueous) and 16% formaldehyde (~ 0.5 mL not touching the sample) for another two hours. The samples were inverted after one hour and further osmium fumed over one weekend. Then, samples were mounted using a bulk sample holder, coated with 12 nm of gold using a Cressington 208 HR sputter coater (Cressington, Watford, England, UK). Samples were imaged at various accelerating voltages, modes, and working distances on a Hitachi S4700 FESEM (Hitachi, Tokyo, Japan).
16S rRNA analysis
Of 99 isolates showing inhibitory activities against pathogenic microorganisms used in the plug assay, only 82 isolates were studied for their genotypic and phenotypic characterizations due to limitation in funding. Microscopic and macroscopic morphologies were observed under a light microscope and a dissecting microscope (Motic). Eighty-two isolates were subjected to 16S rRNA gene sequencing to clarify taxonomic status using polymerase chain reaction (PCR) conditions carried out at Macrogen, Inc., Seoul, Korea as described herein. Template DNA of each isolate was prepared. Colonies of each isolate were picked up with a sterilized toothpick and suspended in 0.5 mL of sterile saline in a 1.5-mL centrifuge tube. The culture was then centrifuged at 10,000 rpm for 10 min. After removal of supernatant, assays conducted by placing solid fermentation material from each culture plate, as agar plugs, on to pathogenseeded agar plates. The microorganisms used as the targets in this screen are Candida albicans, Micrococcus luteus, Mycobacterium smegmatis, Pseudomonas aeruginosa, Methicillin Resistant Staphylococcus aureus (MRSA), multidrug resistant (MDR) Acinetobacter baumannii, Klebsiella pneumoniae, and Extended Spectrum ß-lactamase (ESBL) Escherichia coli. Each isolated actinomycete was cultured on HT agar medium for 10 days at 25ºC and then was used as the plug assay material. To prepare pathogen-seeded assay plate, the respective target organism was grown in an appropriate liquid medium (HT or NB) and once the growth reached log phase around OD 0.5 when read at 600 nm, 1% (v/v) of the culture was transferred to 250 ml molten nutrient agar, mixed well, and solidified. Each plug from the isolated actinomycetes was then placed on the prepared seeded assay plates and was incubated at 37ºC overnight. The zone of inhibition was observed and the diameter of each was measured and recorded. Positive controls used in this study were tetracycline, nystatin and ampicillin depending on the pathogens used. Negative controls were sterile water impregnated disks.
Metal analysis of cave environmental samples
All environmental samples collected at the Helmcken Falls cave were analyzed to determine the mineral components using flame atomic absorption spectrometry (FAAS). These samples were pulverized with a mortar and pestle and 0.5000 ± 0.0010 g Table 2 . Six isolation media used in this study.
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Hickey Tresner, Bennett's Agar, Starch Casein Nitrate Agar; Actinomycetes Isolation Agar, and Nutrient Agar. Of the isolation media used, Modified Soil agar yielded the greatest number of actinomycetes (data not shown here). The macroscopic morphological diversity noticed on this medium was substantially less than the others -the medium showcasing the best morphological diversity were SCNA, Bennett's Agar, and Actinomycetes Isolation Agar respectively. In this study, we selectively used only culturing techniques favoring actinomycetes to isolate this prolific antibiotic-producing group of bacteria, our focus is not to determine the whole constitution of cave microbiome at this point in time. Because of their often unique biochemistry, these cave organisms have been the target to identify new drugs including antibiotics, and are used as models to evaluate the possibility of life forms on other planets (Boston et al., 2001; Nakaew, Pathom-aree, & Lumyong 2009a,b; Yücel & Yamaç, 2010; Northup et al., 2011 ). Though, a major drawback of isolation through culturing method is that it is generally now understood that less than 0.1% of soil microbial community were likely culturable in a lab setting (Amann et al., 1995; Hill et al., 2000) . In this study, over 400 bacterial isolates were isolated from the environmental samples collected from the cave. With the preliminary screen, 400 isolates were screened and most of the cave actinomycetes tested demonstrated antimicrobial activities against the target bacteria with a unique inhibitory pattern. Overall, 10.25% showed inhibitory activity against M. luteus, 2% against S. aureus, 9.25% against M. smegmatis, 1.75% against E. coli, 1% against ESBL E. coli, 2.25% against A. baumannii, 26.50% against K. pneumoniae, 6.255 P. aeruginosa and 7.5% against C. albicans (Table 4 ). These findings demonstrate a promisingly high probability of discovering a novel compound with different modes of action. In particular, with such a high proportion of hits against these important nosocomial pathogens, this gives us confidence that cave bacteria can be the source of novel compounds that provide precursors of new drugs to combat Gram-negative antibiotic resistant bacteria.
Additionally, chemical and physical characteristics of the cave environmental samples were studied using FAAS and SEM. A chemotaxonomic study (unpublished results) and phylogenetic analysis of bacterial isolates was conducted for preliminary identification. With the FAAS, aluminum (Al), arsenic (As), barium (Ba), calcium (Ca), cadmium (Cd), chromium (Cr), iron (Fe), lead (Pb), magnesium (Mg), potassium (K), sodium (Na) were measured in all samples. The results demonstrated that each of the samples is unique and composed of different amounts and types of minerals (Fig. 6 to 8) . The resulting values of each sample are categorized in three groups of most abundant (0-40% wt/wt), second abundant (0-10% wt/wt), and least abundant ((0-0.5% wt/wt) of the compositions observed and measured. Ca, Fe, and Al were found to be the most abundant components (Fig.  6) while Mg, Na, As, Pb, Cr, and Ba were the second the pellet was suspended in 0.5 mL of InstaGene Matrix (Bio-Rad, USA) and was incubated 56ºC for 30 min. and then heated to 100ºC for 10 min. After heating, the supernatant was used for PCR. For the PCR process, 1 μL of each template DNA sample was added to 20 μL of PCR reaction solution. The 27F/1492R primers were used to amplify the 1400bp bacterial 16S rRNA gene (Table 3 ). The amplification cycles were performed 35 times at 94ºC for 2 min, 94ºC for 45 s, 55ºC for 60 s, 72ºC for 60 s, 72ºC for 5 min. Escherichia coli genomic DNA was used as a positive control in the PCR. Then, the PCR products of each isolate were removed from the unincorporated PCR primers and dNTPs by using Montage PCR Clean up kit (Millipore). For sequencing, 518F/800R or 27F/1492R primers were used as seen in the Table 3 . Sequencing was performed by using Big Dye terminator cycle sequencing kit v.3.1 (Applied BioSystems, USA). Sequencing products were resolved on an Applied Biosystems model 3730XL automated DNA sequencing system (Applied BioSystems, USA) at Macrogen, Inc., Seoul, Korea.
Phylogenetic analysis
Sequences generated in this study (1,000 to 1,400 bp long) were submitted to BLAST and RDB to identify the closest relatives based on 16S rRNA sequences. All sequences were manually aligned and analyzed using SeqPup version 0.6f. The evolutionary history was inferred using the Maximum Parsimony method. The bootstrap consensus tree inferred from 5000 replicates is taken to represent the evolutionary history of the taxa analyzed (Felsenstein, 1985) . Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The MP tree was obtained using the Close-Neighbor-Interchange algorithm (Nei & Kumar, 2000) with search level 1 in which the initial trees were obtained with the random addition of sequences (10 replicates). The analysis involved 68 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 1309 positions in the final dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011) .
Nucleotide sequence accession numbers
The nucleotide sequences of the 82 isolates obtained from this study have been deposited in GenBank database under the accession numbers JQ422118-JQ422184
RESULTS AND DISCUSSION
Six different media were used for the isolation of actinomycetes from cave soils -Modified Soil Agar,
Primers
Sequences Amplification Sequencing Table 3 . Primers used in amplification and 16S rRNA sequencing
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New Mexico, USA, and Portugal ( Fig. 10A and 10B ) (Northup et al., 2011) . The evidence of microbial life in these three samples observed in our study may not have fully addressed their identity and their roles in cave secondary mineral formation. However, it definitely leads to certain questions in microbes-mineral interaction in cave environments. It has long been known that calcification (CaCO 3 deposition) is a general occurrence in soil bacteria (Boquet et al., 1973) . In particular, for bacteria that live in caves which can be rich in calcium, it may be beneficial to have a vital physiological adaptation of removing toxic Ca 2+ ions by calcification to survive and thrive in such microenvironment (Banks et al., 2010) . Biomineralization and bioprecipitation in particular calcium carbonate precipitation in the isolated bacteria is under investigation in our laboratory. Not only can we understand roles of microorganisms in cave formation and degradation most abundant ( Fig. 7) with Cd and K as the least abundant in our samples (Fig. 8) . In Northup and Lavoie 2001 , similar observations were found in limestone and basalts, in which they are often rich in reduced sulfur, iron, and manganese (Northup & Lavoie, 2001 ). In our study, it is worth noting that there are two samples (samples 9.1 and 11) with high percentage of arsenic. In the course of determining mineral composition in our samples, it is found that interference is minimized by cesium chloride and lanthanum (III) chloride. Expanding instrumental methods for the analysis of more cationic species and incorporating protocols for the analysis of several anionic species (non-metals) are advised for further investigation. Nevertheless, this set of baseline data will lend itself to further mineral-microbe's interaction study. Furthermore, analyses of mineral compositions and identification of bacterial communities will enhance an understanding of cave microorganisms' roles in both cave formation and degradation. Analyses of mineral compositions of each sample will also lead to identification of optimal growth conditions and metabolite production in cave bacteria.
Scanning electron micrographs showed the presence of microscopic life forms in all three samples; popcorn (sample#13), rock from cave wall (sample#5.1) and rock from cave floor (sample#5.2) (Fig. 9) . The SEM images presented diverse biological morphologies observed in the samples. Fig. 9A to 9C demonstrated a variety of microbial populations in the popcorn sample; a filamentous chain, a biofilm of short thin rods and some filamentous growth and fossilized spheroids. In Fig. 9D to 9E, only bacilli on and around mineral deposits were observed in the rock from cave wall sample. Additionally, a population of mixed microorganisms in biofilmformed fashion was apparent in the rock from cave floor sample (Fig. 9F to 9H ). Our SEM images in Fig. 9B and 9F are very similar to those found in a recent study done in three basaltic lava caves from three different climate conditions in Hawaii, Cheeptham et al.
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for survival of the constitutant species is vital. 16S rRNA gene sequences revealed that 79.3% of the 82 isolates sequenced belong to the Streptomyces genus and 6.1% were in Bacillus, Pseudomonas, Nocardia, and Erwinia genera (Fig. 10) . This was in line with our focus for this study; isolation media used are favorable to actinomycetes. The evolutionary history was inferred using the Maximum Parsimony method. The bootstrap consensus tree inferred from 5000 replicates is taken to represent the evolutionary history of the taxa analyzed (Felsenstein, 1985) . Branches corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The MP tree was obtained using the Close-Neighbor-Interchange algorithm (Nei & Kumar, 2000) with search level 1 in which the initial trees were obtained with the random addition of sequences (10 replicates). The analysis involved 68 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 1309 positions in the f inal dataset. Evolutionary analyses were conducted in MEGA5 (Tamura et al., 2011) .
through such study, but we also can understand what factors influence microbial-induced calcite precipitation, such information can shed light to potential application in soil improvement (Ng et al., 2012) . With a better understanding of the microflora in cave environments, a shift from basic questions identifying the cavern microflora to more complex ecological, community and application questions that evaluate their contributions in biological and geological chemistry of the cave, the ecological role in the cave biomes, special adaptations necessary
better understand bacterial compositions in caves, a combination of techniques (culture-dependent and molecular based approaches) needs to be considered for an inclusive interpretation.
In conclusion, there are more questions needed to be answered arising from this preliminary study. Nevertheless, the Helmcken Falls cave microbiome possesses a great diversity of microbes with the potential for studies of novel microbial interactions and the isolation of new types of antimicrobial agents. This study suggests a high possibility of finding new antimicrobial agent(s) from previously unknown actinomycetes in volcanic cave habitats. This is the first work of antimicrobial activities against a variety of multidrug resistant pathogens from volcanic cave actinomycetes isolated in Canada.
preference. Some isolates (14.6% of the 82 isolated sequenced) showed a similarity to unidentified ribosomal RNA sequences in databases (data not shown here). Further investigation is needed for such sequences. In other studies, diverse species of bacteria including actinomycetes in the genus of Streptomyces were found in lava tube caves (Moya et al., 2009; Northup et al., 2011) . With a number of cave-microbial diversity studies being reported, it is worth noting that each cave is unique and diverse in its microbial compositions, however, there is a trend of finding dominating communities shared in many caves. In general, Actinobacteria, Acidobacteria, Proteobacteria and others have been repeatedly found to show up in different caves, this may also suggest that caves may consist of a core set of microbial phyla (Northup et al., 2011) . To 
